ABSTRACT: Background: We analyzed a 10-year stroke administrative dataset to examine trends in admissions, mortality, and discharge destination in Canada. 
changing with the aging of western populations. 15 , 16 Yet, stroke continues to be a significant burden, as the second leading cause of death worldwide. 17 Not all stroke mortality data from these studies are equivalent, as some used all-cause mortality per 100,000, 1, 5, 6 others 28-day mortality after first stroke, 3, 4 and others used 30-day, 1-year and 5-year mortality for first stroke hospitalization. 2 Where trends in mortality were reviewed by stroke types, reductions in both ischemic and hemorrhagic stroke mortality were observed.
Reduced rates of stroke in-hospital mortality may have an effect on discharge destination, and consequently the need for support services. For example, more patients may require inpatient rehabilitation or long-term care as more stroke patients are surviving. Factors such as hospital type, patient demographics, and stroke type have been shown to affect discharge destination. 18, 19 Trends in discharge destination reflect improvement in acute stroke care but suggest that rehabilitative services and long-term care will require ongoing improvement to respond to an increase in demand. Newfoundland  718  641  715  708  715  701  643  691  652  658   Prince Edward Island  227  192  183  160  183  177  189  187  179  218   Nova Scotia  1157  1211  1284  1042  1141  1198  1167  1286  1262  1253   New Brunswick  1153  1062  1131  1036  1028  998  959  1014  1003  1091   Quebec  -----9007  8837  9194  9070  -Ontario  14514  14408  14591  14221  14208  14241  14456  14779  14522  14873   Manitoba  -1503  1528  1408  1508  1463  1399  1474  1439  1523   Saskatchewan  1439  1428  1384  1483  1334  1376  1339  1330  1372  1358   Alberta  2966  2984  3071  3068  3037  3154  3158  3262  3565  3609   British Columbia  4857  5042  5014  4964  4828  5090  5049  5480  5570  5646   All Territories  43  50  65  48  60  68  78  68  48  66   Ischemic Stroke   Newfoundland  579  532  596  600  600  575  552  585  512  507   Prince Edward Island  203  176  155  137  166  158  160  171  167  195   Nova Scotia  980  1037  1087  862  965  995  975  1063  1055  1054   New Brunswick  998  913  938  849  832  822  786  831  789  887   Quebec  -----7020  6812  7196  7052  -Ontario  11806  11732  11809  11463  11421  11458  11530  11869  11658  11940   Manitoba  -1231  1273  1131  1221  1204  1130  1195  1161  1248   Saskatchewan  1257  1215  1170  1236  1150  1152  1128  1107  1145  1155   Alberta  2428  2417  2503  2482  2524  2518  2588  2695  2911  2966   British Columbia  3881  4016  3935  3938  3758  4024  4016  4345  4419  4479   All Territories  39  42  52  37  48  57  69  56  44  56 We reviewed 10-year trends in stroke occurrence and mortality for Canada. Specifically, we looked at stroke admissions across Canada by province and age group and stroke admission rates for all stroke types. We also separately reviewed 30-day in-hospital mortality for all strokes, ischemic strokes, intracerebral hemorrhagic strokes, and subarachnoid hemorrhagic strokes. We reviewed discharge destination for all strokes, ischemic strokes and hemorrhagic strokes discharged alive from acute care.
METHODS
We conducted an analysis of all stroke patients admitted to a hospital for acute care in Canada. Data are from the Canadian Institutes for Health Information (CIHI). The population of Canada in 2013 was 35,158,304 compared to 31,641,630 in 2003. 20 Canada has a universal healthcare system, where all Canadian citizens and permanent residents have access to hospital and physician care. Health services are administered by each of its ten provinces and three territories. The CIHI's Discharge Abstract Database (DAD) contains demographic, administrative and clinical data (including deaths, sign-outs and transfers) on all inpatient hospital discharges. All hospitals in Canada (with the exception of Quebec) are required to report to the DAD; Quebec reports their data through a different process. 21 Analysis of hospital chart coding in teaching and community hospitals in Canada showed excellent positive predictive value (85% for ischemic stroke, 98% for intracerebral hemorrhagic stroke, and 91% for subarachnoid hemorrhagic stroke) with a Kappa statistic (as a measure of agreement between coder and researcher) of 0.89 for International 
10-Year Trends in Stroke Admission Rates
Figure 1: 10-year trends stroke admission risk adjusted rates (incidence per 100,000 population) for all stroke, ischemic stroke, intracerebral hemorrhagic stroke, and subarachnoid hemorrhagic stroke 2013 were included except for Manitoba and Quebec, who contributed only partially based on the above participation periods. Stroke patients were identified in our analysis using standardized case definitions based on ICD-10 codes for acute stroke, acute stroke plus transient ischemic attach (TIA), ischemic stroke, aneurysmal subarachnoid hemorrhage, and intracerebral hemorrhage. [ Table 1] Stroke admission rates were calculated and standardized using the direct method to the Canadian census. Ten-year trends were assessed using standardized rates. We used the Canadian census data (2001, 2006 and 2011) to estimate the population of [2003] [2004] [2005] [2007] [2008] [2009] [2010] , and 2012; and adjusted 2011 data as the standard population. Stroke in-hospital mortality was defined as the risk-adjusted rate of all-cause in-hospital death occurring within 30 days of first admission to an acute care hospital with a diagnosis of stroke. Specifically, the numerator is the number of deaths from all causes occurring in hospital within 30 days of admission for stroke and the denominator is the total number of stroke episodes. 23 We included stroke that occurred during hospitalization as a complication of hospital admission for another reason. Risk-adjusted rates were adjusted for age, sex, stroke type (ischemic vs. hemorrhagic) and comorbid illness defined by the Charlson-Deyo index (0-1 vs. 2+). Discharge location categories are: home without services; home with services; inpatient rehabilitation or other acute care facility; complex continuing care; long term care; and other. All statistical comparisons were done using Cochran-Armitage Trend Test via SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
RESULTS

Stroke Admissions
We identified 323 230 stroke hospital admissions in Canada from April 2003 to March 2013. Table 2 shows the absolute stroke (all), ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage admissions in Canada over 10 years for each province. We note that absolute numbers of stroke admissions were stable or declining in most provinces except Alberta (AB) and British Columbia (BC), where an increase in stroke numbers was observed. In relative terms, there was an increase in stroke admissions in those provinces of 21.7% (AB) and 16.2% (BC). Similar trends were observed for ischemic stroke admissions with an increase of 23.3% in AB and 15.4% in BC. For intracerebral hemorrhage, increases over the 10-year period were present for all provinces with increases ranging from 50% (New Brunswick) to 4% (Ontario). For subarachnoid hemorrhage, increases were present in Ontario (20.2%), Saskatchewan (10.7%), AB (12.6%), and BC (7.1%). Figure 1 shows the standardized risk-adjusted rates of stroke admissions over the 10-year period. The standardized rate of ischemic stroke admissions has dropped by 17.7%. However, the rate of intracerebral hemorrhage and subarachnoid hemorrhage has dropped much less dramatically (10.0% and 7.9% respectively).
A higher proportion of admitted stroke patients were in younger age groups in 2012 compared to 2003 (Table 3) . Stroke (all) and ischemic stroke in patients aged less than 40 years old has been stable. For patients aged between 40 and 69, the absolute increase for all strokes was 4.8% (p < 0.0001) and for ischemic strokes, 5.4% (p < 0.0001). For patients 70 years old and older, the absolute decrease for all strokes was 4.9% (p < 0.0001) and for ischemic strokes, 5.6% (p < 0.0001). The changes for intracerebral hemorrhage and subarachnoid hemorrhage were less dramatic.
In-hospital Mortality
We observed a decline for in-hospital 30-day mortality for all stroke patients (Figure 2 
Discharge Destination
The discharge destination for all stroke patients discharged alive from acute care is shown in Table 4 . For ischemic stroke patients, the following changes were observed: an absolute decrease in the percent of patients discharged home without services by 3.2% (p = 0.0463); an absolute increase in the percent discharged home with services by 2.6% (p < 0.0001); an absolute increase in the percent of patients discharged to another inpatient acute care facility including inpatient rehabilitation by 5.6% (both p < 0.0001), an absolute decrease in the percent being discharged to complex continuing care by 0.9% (p < 0.0001) and long term care by 1.9% (p < 0.0001). For hemorrhagic strokes, the following changes were observed: an absolute decrease in the percent discharged home without services by 1.7% (p = 0.0249), and an absolute increase in the percent discharged home with services of 1.6% (p = 0.0214).
DISCUSSION
Ten-year trends for hospitalized stroke patients in Canada show that absolute stroke admissions are not equal across provinces. When looking at absolute numbers, those provinces that have had large increases in population are shouldering a stark increase in ischemic stroke admissions; this has implications if funding for stroke services does not match the demands of population increases. When taking population increases into account, standardized risk adjusted admission rates have been decreasing for ischemic stroke but the decrease is much less dramatic for intracerebral and subarachnoid hemorrhage. This finding is somewhat similar to an earlier Quebec study (trends from 1990-2005) where ischemic stroke admissions in Quebec were declining but hemorrhagic stroke admissions were increasing 24 -in contrast we saw a very slight decline in hemorrhagic stroke admissions. This decrease in stroke admission rates may be due to better hypertension control, 25 improved stroke prevention strategies, more proactive secondary prevention through the implementation of stroke prevention clinics across Canada or other unmeasured factors. The decline in stroke rates and case fatality and the relative increase in younger strokes can be explained in part by Ontario data on trends in risk factors and stroke subtypes, 26 which showed a relative increase in cardioembolic stroke due to a decrease in large artery stroke and small vessel disease.
The distribution of age groups of stroke admissions is changing and is likely associated with the increasing age of the baby boomer cohort. The proportion of ischemic stroke patients aged 40-69 years old is increasing, and the proportion aged 70 and older is decreasing. A shift to a younger age group was also observed for intracerebral hemorrhagic stroke, where the proportion of patients in age groups under 40 and between 40 and 69 years old is increasing. An increase in the younger stroke victims, who are at the peak of their career and active role in society, will have greater indirect socioeconomic consequences in lost wages and increased costs of caring for younger disabled adults, despite a declining age-adjusted rate overall.
Similar to the findings from the USA and Western European countries, 1-4 stroke mortality was lower in Canada in 2012 compared to 2003. This holds true for ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage. The decrease in mortality can be attributed to better specialized medical care, prevention of secondary complications, and the implementation of in-hospital stroke units. However, the decline in mortality may translate into an overall increase in the number of patients with substantial functional deficits. When we reviewed trends in discharge destinations for stroke patients discharged alive from acute care, we observed a decrease in the percentage of ischemic and hemorrhagic stroke patients going home without services. There is an increase in ischemic stroke patients going to inpatient rehabilitation or other acute facilities, and ischemic and hemorrhagic stroke patients going home with services. However, there is a slight decrease observed in ischemic stroke patients going to complex continuing care and long-term care. The increase in patients going home with services (outpatient) and to inpatient rehabilitation or another acute care institutions is proportionate to the drop in in-hospital mortality, possibly suggesting that a decline in in-hospital mortality is contributing to the increased need for post-acute stroke services. Therefore, although more patients are surviving their stroke, the need for rehabilitation services is increasing.
Limitations
Our data uses only hospital administrative data, so it excludes patients who were never admitted to hospital, (mostly patients with milder strokes), as the number of stroke patients that die before they reach the hospital is small. 27 Hospital administrative data is subject to differences in reporting, and despite rigorous abstraction processes, variation in reporting may still be present. Data from Quebec and Manitoba do not include the entire 10-year study period, so we are not reporting the entire 10-year period occurrence across Canada. The use of hospital administrative data requires that we include strokes that were coded as Stroke, not specified as hemorrhage or infarction with acute ischemic strokes. We acknowledge that this does present some error; however, over 80% of all strokes are ischemic strokes and, typically, an ischemic stroke is most often referred to as stroke generally for the small fraction that were coded as not specified.
CONCLUSIONS
Ten-year stroke trends in Canada show that admission rates and in-hospital mortality are declining. However, those provinces that are experiencing the largest population growths are shouldering a greater proportion of stroke admissions. This is observed for the two western provinces: Alberta and British Columbia. Furthermore, the proportion of stroke admissions by age groups is showing a significant increase for those patients aged 40-69 and a significant decrease for those patients aged over 70. The decrease in mortality may also be contributing to more patients requiring inpatient and outpatient services.
